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REMARKS 

Claims 32-69 are pending in the subject application. 
Claims 38-41, 51-54 and 64-69 have been cancelled as 
withdrawn from consideration. Applicants hereinabove 
have amended the specification and claims 55 and 60, also 
cancelled 32-37, 42-50, 56-59, and 61-63, and added new 
claims 70-87. Accordingly, claims 55, 60, and 70-87 are 
now pending and under examination. 

In making these amendments, applicants neither concede 
the correctness of the Examiner's rejections in the 
February 25, 2004 Office Action, nor abandon the right to 
pursue in a continuing application embodiments of the 
instant invention no longer claimed in this application. 
Applicants maintain that the amendments to the 
specification and claims do not raise any issue of new 
matter, and that these claims are fully supported by the 
specification as originally filed. 

New claims 73-87 correspond to canceled claims 43-48. 
Support for the claim amendments is found, inter alia, in 
the specification as follows: Claims 50 and 66: page 4, 
lines 23-31, page 5, lines 1-10 and 17-19, page 7, line 
29 to page 8, line 5, page 8, lines 11-12, page 13, line 
15 to page 23, line 8, page 36, lines 17-24, and Examples 
1-3, and Claims 70-72: page 5, line 30 to page 7, line 27, 
page 38, line 8 to page 39, line 29, page 41, lines 18-22, 
page 63, lines 15-18, and page 67, lines 5-9. 

In view of the arguments set forth below, applicants 
maintain that the Examiner's objection and rejections 



Applicants: Marc Feldmann and Ravinder N. Maini 
Serial No.: 09/921,937 
Filed: August 3, 2001 
Page 9 

made in the February 25, 2004 Office Action have been 
overcome, and respectfully request that the Examiner 
reconsider and withdraw same. 

The Claimed Inven-bion 

This invention provides methods for treating or 
preventing arthritis or rheumatoid arthritis in an 
individual in need thereof. These methods comprise 
administering methotrexate and an anti-TNFa antibody or 
antigen-binding fragment thereof to said individual, in 
therapeutically effective amounts, wherein (a) the 
methotrexate is administered in a series of doses 
separated by intervals of days or weeks, (b) the anti- 
TNFa antibody or antigen-binding fragment thereof is 
administered in a series of doses separated by intervals 
of days or weeks, and (c) the time period for 
administering methotrexate is simultaneous with the time 
period for administering the anti-TNFa antibody or 
antigen-binding fragment thereof. In a further 

embodiment, the methotrexate is administered at a dose of 
7.5 mg/wk or more and/or the anti-TNFa antibody or 
antigen-binding fragment thereof is administered at a 
dose of 1 mg/kg or more. In the preferred embodiment, 
the anti-TNFa antibody is the chimeric anti-TNFa antibody 
cA2, or a competitive inhibitor thereof. 

Formalities 



The Examiner states that applicants should amend the 
first line of the specification to update the status of 
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the priority applications. Specifically, U.S. Serial No. 
08/690,775 is now U.S. Patent No. 6,270,766. 

In response, applicants have amended the specification to 
update the status of priority applications. 

The Examiner objects to applicants' claim that the 
instant claims are entitled to priority back to U.S. 
Serial No. 07/958,248, filed October 8, 1992. The 
Examiner alleges" that the filing date of the instant 
claims is the filing date of parent application U.S. 
Serial No. 08/690,775, filed August 1, 1996. 
Specifically, the Examiner asserts that priority 
application U.S. Serial No. 08/403,785 and PCT/GB94 /004 62 
do not support the broader claims of the instant 
application, including "preventing a tumor necrosis 
factor-mediated disease", "tumor factor-mediated disease", 
"binds to one or more amino acids of hTNFa selected from 
the group consisting of about 87-108 and about 58-80", 
"cA2" and "epitope of cA2 . " 

In response, applicants note that the claims, as amended, 
do not recite the phrase, "preventing a tumor necrosis 
factor-mediated disease", or "tumor factor-mediated 
disease." Thus, the Examiner's objection based on these 
phrases is obviated. 

With respect to the remaining phrases, applicants 
maintain that the pending claims are entitled to a 
priority date of October 8, 1992, the filing date of U.S. 
Serial No. 07/958,248 (the "^248 Application"). 
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Under 35 U.S.C, §120, a claim in a U.S- application is 
entitled to the benefit of the filing date of an earlier 
filed U.S. application if the subject matter of the 
claims is disclosed in the manner provided by 35 U.S.C. 
§112, first paragraph, in the earlier filed application. 
M.P.E.P. §201.11(1). It is well settled that "[t]he 
subject matter of a claim need not be described literally 
(i.e., using the same terms or in haec verba) in order 
for the disclosure to satisfy the description 
requirement." M.P.E.P. §2163.03. Furthermore, a claim 
is supported by the disclosure in an application "when 
that disclosure, when filed, contained sufficient 
information regarding the subject matter of the claims as 
to enable one skilled in the pertinent art to make and 
use the claimed invention." M.P.E.P. §2164.01. 

Applicants maintain the ^248 Application discloses the 
subject matter of amended claims 55 and 60 and new claims 
70-87 in the manner provided by 35 U.S.C. §112, first 
paragraph- At page 11, line 17 to page 12, line 4, the 
^248 Application teaches that combination therapy claimed 
in the instant invention can be used to treat autoimmune 
and inflammatory diseases, including rheumatoid arthritis. 
At page 5, lines 1-2, the ^248 Application also teaches 
that anti-CD4 antibodies can be administered to a subject 
simultaneously or sequentially with anti-TNF antibodies. 
At page 11, lines 1-6, the ^248 Application teaches 
inflammatory mediators including anti-TNF antibodies and 
soluble TNF-R (monomeric, IgG fusion protein, etc.). At 
page 10, lines 6-9, the ^248 Application specifically 
teaches the use of methotrexate in conjunction with an 
anti-TNF antibody. At page 6, line 8 to page 7, line 26, 
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and page 8, lines 13-33, the ^248 Application teaches 
anti-TNF antibodies, including chimeric antibodies (page 
6, lines 13-17 and 21-29) . At page 11, lines 1-16, the 
^248 Application describes the use of other agents (TNF 
antagonists) which interfere with TNF, TNF receptor 
signaling or TNF synthesis. At page 5, lines 4-6 and 
page 9, lines 24-26, the ^248 Application teaches that 
administration can be in the "form of a single dose, or a 
series of doses separated by intervals of days or weeks." 
Furthermore, at page 9, line 1 to page 10, line 5, the 
^248 specification provides guidelines for route of 
administration and dosages. 

Applicants point out that '^TNF" and "TNFa" have been used 
interchangeably in the art. See, e.g., Abbas et al.. 
Cellular and Molecular Immunology , 3^^ Edition, 
Philadelphia: W.B. Saunders Co., pg . 258 (1997); attached 
hereto as EXHIBIT 1. Thus, a person skilled in the art 
would, in the context of the subject application, 
interpret the term ^'anti-TNF antibody" to mean an anti- 
TNFa antibody. No evidence to the contrary has been 
presented. Indeed, the references incorporated by 

reference at page 8, lines 13-33 of the ^248 Application 

disclose anti-TNFa antibodies. 

Thus, the ^248 Application provides support in the manner 
required by 35 U.S.C. §112 for amended claims 55 and 60, 
and new claims 70-87. 

Similarly, parent applications, including U.S. Serial No. 
08/403,785 (now U.S. Patent 5,741,488, issued April 21, 
1998; hereinafter referred to as "'the M88 Patent") and 



Applicants: Marc Feldmann and Ravinder N. Maini 
Serial No.: 09/921,937 
Filed: August 3, 2001 
Page 13 

PCT International Application No. PCT/GB94 /004 62 , provide 
support for these claims. Column 4, line 55 of the M88 
Patent and page 10, lines 14-15 of PCT International 
Application No. PCT/GB94/004 62 both incorporate ,by 
reference U.S. Application 07/943,852, filed August 11, 
1992, now abandoned, which specifically discloses anti- 
TNF antibodies that bind to one or more epitopes included 
in amino acid residues of about 87-108 (SEQ ID N0:1) or 
about 59-80 (SEQ ID NO: 2) of hTNFa, anti-TNF antibodies 
that competitively inhibit binding to TNFa to monoclonal 
antibody cA2, and monoclonal antibody cA2 . As such, the 
M88 Patent and International Application No. 
PCT/GB94/00462 describe anti-TNF antibodies that bind to 
one or more epitopes included in amino acid residues of 
about 87-108 (SEQ ID NO : 1 ) or about 59-80 (SEQ ID NO : 2 ) 
of hTNFa, anti-TNF antibodies that competitively inhibit 
binding of TNFa to monoclonal antibody cA2 , and 
monoclonal antibody cA2 . Furthermore, both the M8 8 
Patent and PCT International Application No. 
PCT/GB94/00462 also provide that administration can be in 
the form of a single dose or a series of doses separated 
by intervals of days or weeks. 

Thus, the '248 Application, the M88 Patent and PCT 
International Application No. PCT/GB94/00462 provide 
support in the manner required by 35 U.S.C. §112 for 
amended claims 55 and 60 and new claims 70-87. 
Accordingly, the instant claims are entitled to a 
priority date of October 8, 1992, the filing date of the 
'248 Application. 
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Rejection Under 35 U.S.C. §112, Second Paragraph - 
Indef ini-beness 

The Examiner rejected claims 32-34 and 37 under 35 U.S.C. 
§112, second paragraph, as allegedly being indefinite for 
failing to particularly point out and distinctly claim 
the subject matter which applicants' regard as the 
invention . 

In response, but without conceding the correctness 
thereof, applicants note that claims 32-34 and 37 have 
been cancelled. Thus, the Examiner's rejection of these 
claims is now moot. 

Rejection Under 35 U.S.C, §102 (e) 

The Examiner rejected claims 32-37, 42 and 55-63 under 35 
U.S.C. §102 (e) as allegedly anticipated by Mak et al . 
(U.S. Patent No. 6,190,691; "Mak"). 

In response to Examiner's rejection of claims 32-37, 42, 
56-59 and 61-63, but without conceding the correctness 
thereof, applicants note that these claims have been 
cancelled. Thus, the Examiner's rejection of these 
claims is now moot. 

In response to the Examiner's rejection of claims 55 and 
60, applicants respectfully traverse. 

Briefly, amended claims 55 and 60 provide methods for 
treating or preventing arthritis or rheumatoid arthritis 
in an individual in need thereof. These methods comprise 
administering methotrexate and an anti-TNFa antibody or 
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antigen-binding fragment thereof to said individual, in 
therapeutically effective amounts, wherein (a) the 
methotrexate is administered in a series of doses 
separated by intervals of days or weeks, (b) the anti- 
TNFa antibody or antigen-binding fragment thereof is 
administered in a series of doses separated by intervals 
of days or weeks, and (c) the time period for 
administering methotrexate is simultaneous with the time 
period for administering the anti-TNFa antibody or 
antigen-binding fragment thereof. 

According to M.P.E.P. §706.02 (b), a rejection under 35 
U.S.C. §102 (e) can be overcome by antedating the filing 
date of the reference by 'Mp] erf ecting priority under 35 
U.S.C. 119(e) and 120... by amending the specification of 
the application to contain a specific reference to a 
prior application.,., and by establishing that the prior 
application satisfies the enablement and written 
description requirements of 35 U.S.C. §112, first 
paragraph." See also M.P.E.P. §2136.05. 

As discussed above, applicants maintain that the pending 
claims are entitled to a priority date of October 8, 1992, 
the filing date of U.S. Serial No. 07/958, 248. 
Applicants note that the instant application antedates by 
almost two years the earliest priority date, i.e., April 
12, 1994, claimed in Mak, the correctness of which 
applicants do not concede. Therefore, Mak fails to 
qualify as a §102 (e) reference against the instant 
application . 
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Alternatively, under 35 U.S.C. §102 (e), and as stated in 
M.P.E.P. §2131.01, 'Ma] claim is anticipated only if each 
and every element as set forth in the claim is found, 
either expressly or inherently described, in a single 
prior art reference." (emphasis added). Hence, to 
anticipate the methods of claims 55 and 60, Mak would 
have to teach each and every element thereof, 

Mak fails to do this. 

Mak states that the pharmacological agents which are 
useful in this aspect of the invention are from a broad 
range of agents known in the literature for other diverse 
activities (column 30, lines 2-4). Indeed, from column 
29, line 60 through column 43, line 2, Mak organizes the 
agents into several groups, each group containing 
representative examples, the combined total of these 
examples numbering in the hundreds. 

Although methotrexate and TNF antagonists are disclosed 
in Mak, there is no specific disclosure of the claimed 

combination of methotrexate and a TNFa antagonist, or of 

methotrexate and anti-TNFa antibody, to treat or prevent 
an inflammatory disease, let alone arthritis. In fact, 
Mak only generally discloses combination therapies as 
evidenced by the following: ^'combination of occlusion and 
pharmacological agents" (column 53, lines 8-9; column 57, 
lines 65-67), ''combination of pharmacological agents" 
(column 63, lines 15-18; column 58, lines 5-6), "anti- 
inflammatory agent ... in combination with one or more 
different drugs" (column 55, lines 24-30) and 
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"pharmacological agents. -.in combination with a 
penetration blocking agent" (column 60, lines 40-44). 

Contrary to the Examiner's assertion that Mak discloses 
the claimed species, Mak actually discloses a broad genus 
encompassing an astronomical number of possible 
combination therapies, only one of which combinations is 
recited in the instant claims. Applicants stress that 
teaching a broad genus from which a specific species is 
claimed does not constitute disclosing the claimed 
species. Without Mak' s specifically teaching the claimed 
species, one skilled in the art would not be able to 
envisage that species from the extremely broad statements 
in Mak such as "combination of pharmacological agents" or 
"anti-inflammatory agent... in combination with one or 
more different drugs." 

Furthermore, Mak does not teach periods of administration, 
i.e., "a series of doses separated by intervals of days 
or weeks", related to methotrexate and anti-TNFof 
antibodies, respectively, when used in combination to 
treat or prevent arthritis or rheumatoid arthritis. 

Thus, Mak fails to teach each and every element of the 
rejected claims. 

In view of the above remarks, applicants maintain that 
amended claims 55 and 60 satisfy the requirements of 35 
U.S.C. §102 (e) . 
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Rejection Under 35 U.S.C. §103 - Obviousness 

The Examiner also rejected claims 32-37, 42-50 and 55-63 
under 35 U.S.C. §103 as allegedly unpatentable over Mak 
and/or Adair et al. (U.S. Patent 5,994,510; "Adair") in 
view of Merck Manual of Diagnosis and Therapy (Sixteenth 
Edition, 1992; pages 1338 and 2435-2437; "Merck") and 
Aggarwal et al. (U.S. Patent No. 5,672,347; "Aggarwal") . 

In response to Examiner's rejection of claims 32-37, 42- 
50, 56-59 and 61-63, but without conceding the 
correctness thereof, applicants note that these claims 
have been cancelled. Thus, the Examiner's rejection of 
these claims is now moot. 

In response to the Examiner's rejection of claims 55 and 
60, applicants respectfully traverse, and maintain that 
the Examiner has failed to establish a prima facie case 
of obviousness. 

Again, amended claims 55 and 60 provide methods for 
treating or preventing arthritis or rheumatoid arthritis 
in an individual in need thereof. These methods comprise 
administering methotrexate and an anti-TNFa antibody or 
antigen-binding fragment thereof to said individual, in 
therapeutically effective amounts, wherein (a) the 
methotrexate is administered in a series of doses 
separated by intervals of days or weeks, (b) the anti- 
TNFa antibody or antigen-binding fragment thereof is 
administered in a series of doses separated by intervals 
of days or weeks, and (c) the time period for 
administering methotrexate is simultaneous with the time 
period for administering the anti-TNFa antibody or 
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antigen-binding fragment thereof. 

To establish a prima facie case of obviousness, the 
Examiner must demonstrate three things with respect to 
each claim. First, the cited references, when combined, 
must teach or suggest every limitation of the claim. 
Second, one of ordinary skill would have been motivated 
to combine the teachings of the cited references at the 
time of the invention. And third, there would have been 
a reasonable expectation that the claimed invention would 
succeed . 

Here, the cited references fail to support a prima facie 
case of obviousness. Specifically, Mak and/or Adair, 
when combined with Merck and Aggarwal, fail to teach or 
suggest every limitation. "Furthermore, the combined 
references fail to provide a motive to combine and a 
reasonable expectation of success. 

As discussed above, Mak does not teach or suggest a 
combination of methotrexate and a TNFa antagonist, or of 
methotrexate and anti-TNFa antibody, to treat or prevent 
an inflammatory disease. Nor does Mak teach periods of 
administration, i.e., "a series of doses separated by 
intervals of days or weeks", related to methotrexate and 
anti-TNFa antibodies, respectively, when used in 
combination to treat or prevent arthritis or rheumatoid 
arthritis . 

Adair teaches the use of recombinant anti-TNF antibody to 
treat immunoregulatory and inflammatory disorders. 
Nowhere does Adair mention or suggest methotrexate or its 
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combined use with a TNF antagonist or anti-TNF antibody. 
Furthermore, Adair does not teach periods of 
administration, i.e., ^^a series of doses separated by 
intervals of days or weeks", related to methotrexate and 
anti-TNFa antibodies, respectively, when used in 
combination to treat or prevent arthritis or rheumatoid 
arthritis . 

Merck teaches the sole use of methotrexate in the 
treatment of inflammatory disease. Merck does not 

mention or suggest combining a TNF antagonist or an anti- 
TNFa antibody with methotrexate to treat arthritis or 
rheumatoid arthritis. -Nor does Merck teach periods of 
administration, i.e., ^^a series of doses separated by 
intervals of days or weeks", related to methotrexate and 
anti-TNFa antibodies, respectively, when . used in 
combination to treat or prevent arthritis or rheumatoid 
arthritis . 

Like Mak, Adair and Merck, Aggarwal also fails to provide 
motivation to combine these references, or a reasonable 
expectation of success. Aggarwal teaches that TNF 
antagonist can be used in combination with anti- 
inflammatory agents such as gold colloids, cyclosporin 
antibiotics, salicylate and corticosteroids such as 
methylprednisolone, and that the employment of these 
listed agents with TNF antagonists can be used in lesser 
dosage than when used alone. (Aggarwal, column 7, lines 
60-64.) Applicants note, however, that methotrexate or 
the combination of methotrexate and a TNF antagonist is 
not disclosed in the above example or anywhere else in 
Aggarwal. Essentially, nowhere in Aggarwal is there any 
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mention or suggestion to use methotrexate in combination 
with an anti-TNFa antibody (or TNFa antagonist generally) 
in the treatment of inflammatory diseases, or periods of 
administration, i.e., "a series of doses separated by 
intervals of days or weeks", related to methotrexate and 
anti-TNFa antibodies, respectively, when used in 
combination to treat or prevent arthritis or rheumatoid 
arthritis . 

According to the M.P.E.P. §2143.01, 

''[t]he mere fact that references can be 
combined or modified does not render the 
resultant combination obvious unless the prior 
art also suggests the desirability of the 
combination. " 

In re Mills, 916 F.2d 680 (Fed. Cir. 1990) (emphasis 
added) . As demonstrated above, there is simply no 
motivation or suggestion to combine the cited references 
to create the instant invention. The collection of cited 
references is the result of the Examiner's impermissible 
use of hindsight to combine these references based on 
knowledge of applicants' invention and underlying 
discovery. None of the references cited by the Examiner 
give any 'suggestion, motivation or "indication of which 
parameters [are] critical or [a] direction as to which of 
many possible choices is likely to be successful" to one 
skilled in the art to use methotrexate with a TNFa 
antagonist or an anti-TNFa antibody, or antigen-binding 
fragment thereof, to treat arthritis or rheumatoid 
arthritis. In re O'Farrell, 853 F.2d 894, 903, 7 USPQ2d 
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1673, 1681 (Fed, Cir. 1988) . Essentially, one skilled in 
the art would have had to conduct undue experimentation 
to achieve applicants' successful yet unexpected result. 
Devoid of any support to the contrary, an ''invitation to 
try," which applicants do not concede exists, is 
considered inadequate support for an obviousness 
rejection. Id. 

Finally, applicants note that the claimed invention 
demonstrates an unexpected advantage, e.g., inducing high 
clinical response rates for significantly longer duration 
in comparison with those obtained with treatment with 
each therapeutic modality separately. This unexpected 
synergistic effect is evidenced in the instant 
application, e.g.. Examples 1-3, Figures lA, 2A, 3A, 4A, 
and 5A, and Table 4 of the instant application. The 
magnitude of these results, particularly in the treatment 
of arthritis or rheumatoid arthritis, could not have been 
predicted from the cited references. Thus, to the extent 
a proper prima facie case were made by the Examiner, 
which, again, applicants do not concede, this evidence of 
a surprising, i.e., synergistic, result over treatment 
with either methotrexate or an anti-TNFa , antibody , or 
antigen-binding fragment thereof, alone would overcome 
such case. (See M.P.E.P. §716.02.) 

As further evidence in support of the surprising and 
unexpected nature of applicants' invention, applicants 
submit Verhoeven et al . , British Journal of Rheumatology , 
Vol. 37, No. 6, pages 612-619 (June 1998), and Genovese, 
et al.. Arthritis & Rheumatism , Vol. 50, Issue 5, pages 
1412-1419 (2004), attached hereto as EXHIBITS 2 and 3, 
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respectively. Figure 1 of Verhoeven, et al. teaches a 
three-dimensional survey of the efficacy of combination 
arthritis relative to the efficacy of the individual 
drugs in the combination. As Figure 1 clearly shows, 
even when drugs which are successful in treating 
arthritis or rheumatoid arthritis alone are combined, 
many of these combinations do not improve treatment at 
all. In essence, Verhoeven, et al. underscores the fact 
that superior effects of a particular combination therapy 
in the treatment of inflammatory disease are not 
predictable absent experimentation . 

Genovese, et al. also underscores the applicants' 
position, as supported by Verhoeven, et al . Genovese, et 
al . teaches that human patients with active rheumatoid 
arthritis, when treated with a combination therapy of the 
anti-tumor necrosis factor alpha agent etanercept and the 
anti-interleukin-1 agent anakinra, do not receive any 
additive or synergistic benefit over etanercept alone. 
See Genovese, et al., page 1412, Abstract, and pages 
1417-1418. Genovese, et al. provides numerous reasons, 
such as negative interaction or overlap between the two 
agents, which would attribute to the unpredictable 
results from such combination therapies. See Genovese, 
et al., page 1417-1418. Although Genovese, et al . was 
published after the priority date of the subject 
application, it nevertheless underscores applicants' 
position that one skilled in the art would not have a 
basis for reasonably expecting that a combination of two 

agents, e.g., methotrexate and a TNFa antagonist, each 
known to individually treat arthritis or rheumatoid 
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arthritis, would result in an additive or synergistic 
effect absent experimentation. 

Therefore, in view of the surprising nature of this 
invention, one of ordinary skill in the art could not 
have been able to predict, based on the cited references, 
whether administering both methotrexate and an anti-TNFa 
antibody, or an antigen-binding fragment thereof, to an 
individual would treat arthritis or rheumatoid arthritis 
more effectively than either agent alone. Moreover, one 
of ordinary skill certainly could not have reasonably 
expected the superior effects over either agent alone as 
discussed above. 

In view of the above remarks, applicants maintain that 
amended claims 55 and 60 satisfy the requirements of 35 
U.S.C. §103. 

The Examiner also rejected claims 45 and 46 under 35 
U.S.C. §103 as allegedly unpatentable over Mak and/or 
Adair in view of Merck and Aggarwal as applied to claims 
1-6, 11-14 and 16-19 above and further in view of Le et 
al. (U.S. Patent No. 5, 919, 452; ^"Le") . 

In response to the Examiner's rejection of claims 45 and 
4 6, but without conceding the correctness thereof, 
applicants note that claims 45 and 46 have been cancelled. 
Applicant understands this rejection to instead apply to 
new claims 75, 76, 84 and 85, which correspond to the 
cancelled claims in the manner discussed above. 



Claims 75, 7 6, 84 and 85 provide methods for treating or 
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preventing arthritis or rheumatoid arthritis in an 
individual in need thereof. These methods comprise 

administering methotrexate and the chimeric anti-TNFa 
antibody cA2, or a competitive inhibitor thereof, to said 
individual, in therapeutically effective amounts, wherein 
(a) the methotrexate is administered in a series of doses 
separated by intervals of days or weeks, (b) the anti- 
TNFa antibody or antigen-binding fragment thereof is 
administered in a series of doses separated by intervals 
of days or weeks, and (c) the time period for 
administering methotrexate is simultaneous with the time 
period for administering the anti-TNFa antibody or 
antigen-binding fragment thereof. 

Mak, Adair, Merck and Aggarwal are discussed above. 

Le fails to cure the deficiencies of the other cited 
references. Like Adair and Aggarwal, Le does not mention 
or suggest the use of methotrexate or its combined use 
with a chimeric anti-TNFa antibody in the treatment of 
inflammatory diseases. Le merely teaches the use of 
chimeric anti-TNFa antibodies, including cA2, to treat 
TNF-related pathologies. Furthermore, Le does not teach 
periods of administration, i.e., "a series of doses 
separated by intervals of days or weeks", related to 
methotrexate and chimeric anti-TNFa antibody cA2 , or a 
competitive inhibitor thereof, respectively, when used in 
combination to treat or prevent arthritis or rheumatoid 
arthritis. Thus, even with Le, the combination of cited 
references neither teaches or suggests every limitation 
of the claim nor creates a motivation to combine. 
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As mentioned above, the claimed invention is based on an 
unexpected advantage of combining methotrexate and anti- 
TNFa antibody, e.g., inducing high clinical response 
rates for significantly longer duration in comparison 
with those obtained with treatment with each therapeutic 
modality separately. The magnitude of these results, 
particularly in the treatment of inflammatory disease, 
could not have been predicted from the cited references. 
Thus, to the extent a proper prima facie case were made 
by the Examiner, which, again, applicants do not concede, 
this evidence of a surprising, i.e., synergistic, result 
over treatment with either methotrexate or a chimeric 

anti-TNFa. antibody alone would overcome such case. 

Again, the collection of cited references is the result 
of the Examiner's impermissible use of hindsight to 
combine these references based on knowledge of 
applicants' invention and underlying discovery. 
Essentially, one skilled in the art would have had to 
conduct undue experimentation to achieve applicants' 
successful yet unexpected result. Again, devoid of any 
support to the contrary, an "invitation to try," which 
applicants do not concede exists, is considered 
inadequate support for an obviousness rejection. 
O'Farrell at 903. 

Furthermore, as mentioned above, the claimed invention 
provides an unexpected advantage, e.g., inducing high 
clinical response rates for significantly longer duration 
in comparison with those obtained with treatment with 
each therapeutic modality separately. 
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Applicants reiterate that the experimental results are 
unexpected, especially when viewed in light of the 
teachings of Verhoeven, et al . and Genovese, et al. As 
mentioned earlier, Verhoeven, et al. and Genovese, et al . 
underscore applicants' position that one skilled in the 
art would not have a basis for reasonably expecting that 
a combination of two agents, e.g., methotrexate and the 
chimeric anti-TNFa antibody cA2, or a competitive 
inhibitor thereof, each known to individually treat 
arthritis or rheumatoid arthritis, would result in an 
additive or synergistic effect absent experimentation. 

Therefore, in view of the surprising nature of this 
invention, one of ordinary skill in the art could not 
have been able to predict, based on the cited references, 
whether administering both methotrexate and the chimeric 

anti-TNFa antibody cA2 , or a competitive inhibitor 
thereof, to an individual would treat arthritis or 
rheumatoid arthritis more effectively than either agent 
alone. Moreover, one of ordinary skill certainly could 
not have reasonably expected the superior effects over 
either agent alone as discussed above. 

Accordingly, the Examiner has failed to establish the 
prima facie obviousness of new claims 75, 76, 84 and 85 
over the cited references. For the same reasons, 

applicants alternatively maintain that the rejected 
claims would not have been obvious over these references. 

In view of the above remarks, applicants maintain that 
new claims 75, 76, 84 and 85 satisfy the requirements of 
35 U.S.C. §103. 
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Rejection Under Obviousness -Type DoTible Patenting 

The Examiner rejected claims 32-37, 42-50 and 55-69 under 
the judicially created doctrine of obviousness-type 
double patenting as allegedly unpatentable over claims 1- 
14 of U.S. Patent No. 6,270,766 (the "^766 Patent"). 

In response to Examiner's rejection of claims 32-37, 42- 
50, 56-59 and 61-63, but without conceding the 
correctness thereof, applicants note that these claims 
have been cancelled. Thus, the Examiner's rejection of 
these claims is now moot. 

In response to the Examiner's rejection of claims 55 and 
60, but without conceding the correctness thereof, 
applicants intend to file a terminal disclaimer with 
respect to the ^766 Patent once the claims are otherwise 
in condition for allowance. 

Provisional Rejection Based On Statutory Double Patenting 

The Examiner provisionally rejected claims 32-37, 42-50 
and 55-69 under 35 U.S.C. §101 as allegedly claiming the 
same invention as that of pending claims of co-pending 
U.S. application Serial No. 09/754,004. 

In response to Examiner's rejection of claims 32-37, 42- 
50, 56-59 and 61-63, but without conceding the 
correctness thereof, applicants note that these claims 
have been cancelled. Thus, the Examiner's rejection of 
these claims is now moot. 
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In response to Examiner's rejection of claims 55 and 60, 
applicants request that the Examiner hold this 
provisional rejection in abeyance until one of the two 
applications is allowed. Furthermore, applicants point 
out that subject to this application's being otherwise 
allowable and co-pending application Serial No. 
09/754, 004' s being allowed, applicants intend to cancel 
any claims in this application which are in fact directed 
to the same subject matter claimed in a different 
application. 

Supplemental Information Disclosure S-batement 

In accordance with the duty of disclosure under 37 C.F.R. 
§1.56, applicants would like to direct the Examiner's 
attention to the following disclosures, which are listed 
on Form PTO-1449 (EXHIBIT A) . Copies of the disclosures 
listed below as items 1-3 are attached hereto as EXHIBITS 
1-3. 

1 . Abbas et al . , Cellular and Molecular Immunology , 
3"^*^ Edition, Philadelphia: W.B. Saunders Co., pg . 
258 (1997) (EXHIBIT 1) ; 

2 . Verhoeven et al . , ^^Combination Therapy In 
Rheumatoid Arthritis: Updated Systematic Review", 
British Journal of Rheumatology , Vol. 37, No. 6, 
pages 612-619 (June 1998) (EXHIBIT 2); and 

3. Genovese, et al., '^Combination Therapy with 
Etanercept and Anakinra in the Treatment of 
Patients with Rheumatoid Arthritis Failing 
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Methotrexate", Arthritis & Rheumatism , Vol. 50, 
Issue 5, pages 1412-1419 (2004) (EXHIBIT 3) . 

Pursuant to 37 C.F.R. §1. 97(c), the required fee for 
filing this Supplemental Information Disclosure Statement 
is ONE-HUNDRED AND EIGHTY DOLLARS ($180.00), and a check 
including this amount is enclosed. 



Summary 

Applicants maintain that 
condition for allowance, 
respectfully requested . 



the claims pending are in 
Accordingly, allowance is 



If a telephone conference would be of assistance in 
advancing prosecution of the subject application, 
applicants' undersigned attorneys invite the Examiner to 
telephone them at the number provided below. 
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NO fee, other than the enclosed $600.00 sum, which 
includes the $420.00 fee for a two-month extension o 
time and the $180.00 fee for filing a Supplemental 
information Disclosure Statement, is deemed necessary .n 
connection with the filing of this Amendment. However, 
if any additional fee is required, authorization xs 
hereby given to charge the amount of such fee to Deposit 
Account No. 03-3125. 



I hereby certify that- this 
correspondence is being deposited 



•J**-*-' - - 

)mail in an envelope 



this date with the U.S. Postal 
service with_ sufficient postage as 

first <^ J 

addres^d to: 
CoitttRi^sioner for Patents 
VJO. BO5J/1450 

^ ia, VA 22313-1450 



Alan J. Morrison 
Reg. No. 37,399 




Respecfefully submitted. 




John P. White 
Registration No. 28,678 
Alan J. Morrison 
Registration No. 37,399 
Attorneys for Applicants 
Cooper & Dunham LLP 
1185 Avenue of the Americas 
New York, New York 10036 
(212) 278-0400 
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258 SKTiON III EffKTO^HAN.SMS OF IMMUNI RtSPONSIS 

trials as a component of vaccines to boost protec- 
tive cell-mediated immune responses. 

lnterleukin-15 

lnterleukin-15 is a IT kD polypeptide cytokine 
released by mononuclear phagocytes and certain 
Ifs^ue cells in response to viral infection. LPS, or 
other sTgnal that^rigger innate immunity. Struc- 
°ur5y IL-15 is homologous to lL-2 and signals 
hrough the low affinity receptor complex used by 
trwhich will be discussed later [he chapter 
fsee also Box 12-1). The bindmg of lL-15 to this 
ow affin°ty lL-2 receptor is markedly increased by 
reract^n with a non-signaling lL-15 bindmg poly- 
pep ide. called the IL-15Ra chain. The 1L-15R« 
Sn is structurally homologous to the lL-2Ra 
chain but it does not bind lL-2. 

The primary function of lL-15 appears to be to 
nromote the proliferation of NK cells. Smce L-15 s 
SesUd early in response to viral infections. . 
STy mediate expansion of NK cells withm the firs 
^4 to^9 hours of Viral infection. lL-15 may a^so act 
ll cell growth factor because it bmds and 

JLals through the low affinity IL-2R, which .s 
Sd on resting T cells. However, it is not known 
whether enough IL-15 is produced during an in ec- 
Uon to signal through this low affinity receptor, 
nor is it clear whether T cells acquire lL-15Ra. 

Tumor Necrosis Foctor 

Tumor necrosis factor (TNF) is the principal me- 
diator of the response to gram-negative bactena and 
mav also play a role in innate immune responses 
Hlher infectious organisms. (Some investigators 
refer to TNF as TNF-a for historical reasons, we 
shall use the simpler term throughout this book> 
TNF was originally identified (and was so named) 
I a mediator of tumor necrosis that was preset 
in the serum of animals treated with LPS. .^.1 low 
concentrations. LPS stimulates the functions of 
mononuclear phagocytes and (in mice) acts a^ a 
SyS activator of B cells (see Chapters 9 and 
!?■) hCst responses that contribute to elimination 
the invading bacteria. However, high concentra- 
Hnn" of LP«^ cause tissue injury, disseminated 
widesp ead) intravascular coagulation (DlC) and 
shock often resulting in death. The Shwartzman 
reaction is an experimental model for studying the 
na'hXgic effects of LPS (Box 12-3). It is now 
clei Sit TNF is one of the principal mediators of 

these effects of LPS. ^ 
The major cellular source of TNF is the LF5- 
activated mononuclear phagocyte although antigen- 
stimulated T cells, activated NK cells and acti- 
4t^? mast cells can also secrete this protein. 
IFN-v produced by T cells, augments TNF synthe- 
sis bv LPS-stimulaied mononuclear phagoc>nes. 
Thus TNF is a mediator of both innate and spe- 
cific immunitv and an important link between spe- 
cific immune 'responses and acute inHammation. 




BOX 12-3. The awaitzman Reaction 



The mechanism o( Upopolysaccharide 0-PS)- medi- 
ated tissue injury was investigated by Shwartzman. who 
found that two intravenous injections ol a sublethal quan- 
tity of LPS. administered 24 hours apart, would cause 
disseminated intravascular coagulation (DlC) in the rab- 
bit This is called the systemic ShwarUman reaction and 
is due to widespread intravascular thrombus formation 
on the suriaces of endothelial cells. If the first LPS injec- 
tion is given intradermally, the second intravenous injec- 
■•tion causes hemorrhagic necrosis of skin exclusively at 
the intradermal injection site. In this localized Shwartz- 
man reaction, tissue injury is caused by activated neutro- 
phils and bv inadequate perfusion of the tissue. The mad- 
equate tissue perfusion results from local intravascular 
coagulation (fibrin iormation) and from cellular plugging 
of the microcirculation by aggregates of neutrophils and 
platelets Recent studies have shown that tumor necrosis 
factor (TNIO can in large part substitute for LPS in elicit- 
ing both the local Shwartzman reaction and the systemic 
toxicity of lIPS. Moreover, neutralizing antibody to TNF 
affords protection against both the injurious and the le- 
thal effects of LPS. Thus, TNF is thought to be. an obliga- 
tory mediator of LPS-induced tissue injury. 

The Shwartzman reaction is an exaggerated form of a 
host response to microbes, which, under less extreme 
physiologic conditions, functions primarily to eliminate 
microbes and limit their spread. Although TNF is now 
known to be one I of the principal cytokines involved in 
cuch host responses. TNF was first identified as a factor 
present in the plasma of LPS-treated animals that could 
cause hemorrhagit necrosis of tumors. Some of the anti- 
tumor action of TNF is mediated by direct tumor cell. 
Ivsis a process not well understood but believed to in- 
volve TNF binding to surface receptors on tumor ceils, 
thereby initiating apoptotic cell death (see Chapter 18). 
Mostly, however. TNF induces tumor necrosis by causmg 
a local Shwartzman-like reaction to occur in the tumor 
vascular bed. The basis for the selective effect on tumor 
blood vessels is not known, but tumor cells appear to 
I release factors that increase the sensitivity of local endo- 
I thelial cells to TNF. These tumor factors act like the first 
iniection of LPS. 



, TNF is the product of a single gene locatea 
within the MHC on chromosome 6 in humans. In 
the mononuclear phagoc\ne. TNF is initially synthe- 
sized as a nonglvcosvlated transmembrane proteii: 
of approximateiv 25 kD. The orientation of mem- 
brane TNF is that of a type il membrane protein. 
i e the amino terminus is intracellular, the trans- 
membrane sesment is near the amino terminus, 
and the iaree carbox\- terminus is e.xtracellulai . 
Membrane TNF assembles as a homotrimei. 
the interactions among subunits involve ^t he extra- 
ceUular carboxA- terminal domains. A IT kD frag- 
ment of each subunit. including the carboxy termi- 
nus, can be proteolytically cleaved off the plasma 
membrane of the mononuclear phagocyte to P^--^; 
duce the -secreted" form, which circulates ^^ 
stable homotrimer of 51 kD. Native TNF assumtr.- 
tr'ani^ular pvromidai shape such that each sict: -| 
the pvramid is formed by a different monomc^'^ 
subunit. The receptor binding sites are at the Dcu 
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DISEASE-MODIFYING DRUGS 
SERIES EDITOR: T. PULLAR 

COMBINATION THERAPY IN RHEUMATOID ARTHRITIS: UPDATED SYSTEMATIC 

REVIEW 

A. C. VERHOEVEN, M. BOERS* and P. TUGWELLt 

Department of Internal Medicine/ Rheumatology, University Hospital, PO Box 5800, 6202 AZ Maastricht. ^Department of 
Clinical Epidemiology. VU University Hospital, PO Box 7057, 1007 MB Amsterdam. The Netherlands and ^Department of 

Medicine. University of Ottawa. Ottawa. Ontario, Canada 

SUMMARY 

In a second update of a systematic review, many new developments in the combined drug treatment of rheumatoid arthritis 
(RA) are highlighted. In early RA patients, step-down bridge therapy that includes corticosteroids leads to much enhanced 
efficacy at acceptable or low toxicity. The effects on joint damage may be persistent, but the symptomatic effects are probably 
dependent on continued corticosteroid dosing. In late patients, cyclosporin improves a suboptimal clinical response to 
methotrexate, and the triple combination of methotrexate, sulphasalazine and hydroxychloroquine appears to be clinically 
better than the components. Other combinations are either untested, tested at low sample size, or show negative interaction. 
In view of the low volume of evidence, most studies need confirmation by repHcation. 

Key words: Rheumatoid arthritis. Combined treatment, DMARDs, Glucocorticoids, Systematic review. 



There is a trend among rheumatologists to treat 
rheumatoid arthritis (RA) patients earlier and more 
aggressively. New scientific evidence supports early 
intervention with disease-modifying anti-rheumatic 
drug (DMARD) therapy [1]. Rapid and adequate 
control of disease activity is aimed at the prevention 
of structural joint damage and subsequent loss of 
function and quality of life. In this setting, combining 
so-called DMARDs might lead to additive effects. 
Alternatively, doses might be reduced, and perhaps 
some of the toxicity avoided. Many rheumatologists 
already prescribe combination therapy, although until 
recently scientific evidence to support this policy was 
lacking. Over the last few years, an increasing number 
of high-quality trials have been published. We present 
a second update of a systematic review of combination 
therapy in RA [2, 3]. 

In combining DMARDs, three main strategies can 
be distinguished. In this review, the label *step-up 
strategy' is reserved for trials in which patients with 
insufficient clinical benefit from one second-line agent 
continued the use of this first drug and had another 
(or placebo) added to this. The label ^parallel' was 
assigned to trials in which the patients started with a 
combination of new drugs, and *step-down' to trials 
with sequential withdrawal of simultaneously started 
drugs, prescribed by protocol. 

METHODS 

Study identification 

The MEDLINE database was searched from August 
1992 (the closing date of the previous review) to July 

Submitted 26 January 1998; revised version accepted 
17 February 1998, 

Correspondence to: M. Boers. Department of Clinical 
Epidemiology VE9-78, VU University Hospital, PO Box 7057, 
1007 MB Amsterdam, The Netherlands. 



1997 using the MeSH headings: 'arthritis, rheumatoid'; 
and 'drug therapy, combination*. The bibliographies 
of all retrieved articles were scrutinized for additional 
studies. The first authors of studies published only in 
abstract form were contacted. Such studies were eligible 
for inclusion if a full manuscript was available. Titles 
and abstracts (when available) were screened by one 
author (MB up to August 1992, ACV subsequently) 
and any article in English, French, German or Dutch 
that appeared potentially relevant was retrieved. 

Study selection and validity assessment 

First, the quality of the studies, and thus the strength 
of evidence, was scored on a three-point scale on the 
basis of two primary criteria: randomization and blind- 
ing. Accordingly, strong evidence came from random- 
ized, double-blind studies; moderately strong evidence 
from studies that were randomized, but open or par- 
tially blinded; and weak evidence from all other studies. 
This score specified the maximum strength we felt a 
study could yield. A second set of criteria, modified 
from Sackett et al. [4] was then applied. These were: 
(a) adequate outcome assessment (blind and compris- 
ing toxicity); (b) adequate description of study patients 
(report of at least age and sex, some record on the 
previous disease severity and concurrent medication); 
(c) adequate description of the therapeutic manoeuvre 
(i.e. minimal potential of bias, with blinding, contam- 
ination , co-intervention and compliance properly 
addressed); (d) complete accounting of study patients 
in the results. To obtain the final quality score, points 
were subtracted for each of these criteria not met. 

Data extraction and analysis 

The results of the trials yielding moderately strong 
or strong evidence in the previous reviews (original 
and update) were added to the information from the 
new search. Data extracted from the selected studies 

© 1998 British Society for Rheumatology 
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included baseline patient characteristics, study and 
concomitant treatment, outcome measures, and details 
on toxicity, withdrawals and eligibility criteria for 
disease activity. 

Clinical efficacy, i.e. improvement in clinical outcome 
measures, was compared between the combined- 
treatment group and the single-treatment group. In the 
case of more than one control group, comparisons 
were made between the combined-treatment group and 
each control group, but eventually the comparison 
with the best performing control group was decisive. 
The WHO/ILAR core set measures assessed efficacy 
[5], These measures comprise tender and swollen joint 
count (or a score), pain assessment, patient and physi- 
cian (or observer) global assessment, physical function 
index [here, in every case Health Assessment 
Questionnaire (HAQ) or a modification thereof], and 
acute-phase reaction [i.e. erythrocyte sedimentation 
rate (ESR) or C-reactive protein (CRP)]. When less 
than four of these measures had been assessed, first 
grip strength and second morning stiffness were 
selected as well. Four levels of efficacy were distin- 
guished based on differences in improvement in the 
selected measures: 

• combined treatment ^substantially more effective* 
(*+ in the summary table): significantly greater 
improvement in the combined-treatment group in at 
least half of the selected measures (minimum two 
out of four), plus improvement of at least 150% 
that of the control group; 

• combined treatment *more effective' (*-!-'): signific- 
antly greater improvement in at least half of the 
selected measures; 

• 'positive trend' (*-!-?*): significantly greater improve- 
ment in at least 25% of the measures, or significantly 
greater improvement only in a predefined summary 
index of measures; 

• *no difference' (* = '): the remainder. 

When the total number of core set measures (plus 
grip strength and morning stiffness) was less than 
four, only trends were scored. 

Toxicity was rated as increased (' -h ') when signific- 
antly more patients from the combined-treatment 
group were withdrawn from the study medication 
because of adverse events. Likewise, it was rated as 
decreased (* — *) when significantly less patients from 
the combined-treatment group were withdrawn from 
the study medication because of adverse events. A 
significant difference (or trend) in numbers of adverse 
events not leading to withdrawal was rated as 'trend 
of more toxicity' (* + ?*) or "trend of less toxicity' C - ?') . 
Where possible, results of statistical tests comparing 
the eff*ect or toxicity of the different treatments were 
calculated or recalculated using the reported data. 

RESULTS 

Previous work had yielded eight relevant studies [2, 
3]. Six of these eight provided 'strong' or 'moderately 
strong evidence' and are included in the final selection 
[6, 12, 14, 20, 24, 26]. The current search, covering 



the interval between August 1992 and July 1997, 
yielded 231 new citations. Together with previous 
reviews, this brings the total to 61 1 titles scanned, 100 
were retrieved and 18 selected for review. Of the 
screened abstracts and titles, 38 were linked to a 
possibly relevant article. Three articles in Japanese 
[27-29] were not rated. Not selected articles were case 
reports, editorials, observational or non-randomized 
studies. Three studies that described adjuvant treat- 
ment with oral corticosteroids, androgens and oestro- 
gens, respectively, were not included because they 
failed to meet the criterion of a one-type single 
DMARD control group [30-32]. Two studies 
described an extended follow-up or radiological assess- 
ments of an already selected article [33, 34]; the data 
from these publications were added to those of the 
original study [19, 20]. Two articles were found in the 
reference list of selected articles [9, 10]. Four possibly 
relevant reports in abstract form were found in abstract 
book supplements. The corresponding manuscripts of 
two recently published articles were obtained [21, 22]. 

The total of 20 (six old, 14 new) included trials are 
listed in Table L The total number of patients included 
in these trials is 1952. All trials used a more or less 
strict criterion to verify the presence of active disease. 
The studies are ranked according to treatment strategy 
as well as the DMARDs of choice. Six studies describe 
a step-up strategy; two of these used cyclosporin, three 
used i.m. gold as anchor drug, and two methotrexate. 
Ten studies describe a parallel strategy; of these, six 
used methotrexate (all but one as anchor drug), six 
studies used antimalarials (one as anchor drug), three 
used sulphasalazine, one i.m. gold, dapsone or d- 
penicillamine (as anchor drugs); also used were aurano- 
fin and azathioprine (as additional drug; total more 
than 10, due to combinations). The studies with a step- 
down strategy (four in total) all used steroids [i.m. 
methylprednisone pulses or predniso(lo)ne orally]. 
Steroids were added to i.m. gold (in two studies) or 
sulphasalazine (also in two studies; in one study pred- 
nisolone was added together with methotrexate). 

Studies with step-up strategy 

Smyth et ai.[6] added 75 mg/day cyclophosphamide 
or placebo to a stable and continued pre-trial dose of 
prednisone varying between 3 and 1 5 mg/day in 29 
patients with established disease. After 6 months, out- 
comes in the combined-treatment group were signific- 
antly more improved in grip strength and an 
inflammatory index comprising swelling, redness, pain 
on motion, heat and tenderness, but not in ESR. Only 
one case of alopecia was reported in the combined- 
treatment group with no withdrawal due to toxicity in 
either group. Given the paucity of outcomes, this 
suggests a trend of increased efficacy with no increase 
in toxicity, but the disease activity at baseline was less 
in the placebo group. 

Moreland et al. [7] performed a dose-finding study 
of monoclonal anti-CD4 antibody cM-T4l2 in three 
different doses or placebo added to stable treatment 
with methotrexate (< 15 mg/week) in 64 patients with 
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refractory RA. Assessments after 3 months treatment 
and 4 i.v. pulses of anti-CD4 did not show any relevant 
between-group difference in clinical efficacy or toxicity. 

Tugwell et al. [8] added cyclosporin or placebo to 
methotrexate in 148 patients with established disease 
and insufficient response to methotrexate alone. After 
6 months, all outcomes with the exception of ESR 
were substantially and significantly better in the com- 
bined-treatment group (HAQ and global assessments 
P < 0.001). Expressed in percentages, improvement as 
compared with placebo varied between 19 and 26%. 
The frequency of adverse effects was similar to prior 
trials of methotrexate and cyclosporin used alone. A 
threshold of 30% increase in serum creatinine for dose 
reduction resulted in a relatively low mean cyclosporin 
dose (3mg/kg). Eighty per cent of the included 
patients had stable co-medication with low-dose 
corticosteroids « 10 mg). 

Bendix and Bjelle [9] added cyclosporin or placebo 
to i.m. gold treatment in 40 patients. After 6 months 
the combined treatment showed increased efficacy only 
in patient's global assessments of overall health and 
clinical efficacy, and non-blind assessments by a treat- 
ing physician (P < 0.01 and <0.05); other core set 
measures, including blinded observer's global assess- 
ment, showed no difference. No serious adverse effects 
were noted. Higher blood pressure and signs of renal 
function impairment were found more often in the 
cyclosporin-treated group, also dose reduction was 
required significantly more often in the cyclosporin 
group. Adverse events requiring symptomatic treat- 
ment occurred only in eight patients; four in each 
treatment group. Six months after the end of combina- 
tion therapy, all differences had disappeared. 

Yasuda et al. [10] added bucillamine, a drug 
developed in Japan, or placebo to i.m. gold treatment 
in 24 patients. After 3 months, the combined-treatment 
group had significantly better outcomes An swollen 
joint count, physician's global assessment and CRP 
{P < 0.05), and similar outcomes (trend) in tender 
joint count and ESR. Withdrawal for lack of efficacy 
only occurred in the control group (five patients), and 
withdrawal due to toxicity occurred more often in the 
combined-treatment group (5 3). 

Porter et al. [11] added hydroxychloroquine or pla- 
cebo to i.m. gold treatment in 142 patients. After 6 
months, no differences were evident between the 
groups. Withdrawal (for all reasons) was comparable 
in both trial groups ('-28%). Owing to the lack of 
description of previous medication and patient compli- 
ance, the strength of evidence was rated as moderate. 

Studies with parallel strategy 

Scott et al, [12] also tested the combination hydroxy- 
chloroquine and i.m. gold, but in a parallel strategy 
against i.m. gold alone in 101 patients. After 12 months 
of treatment, the combination showed a positive trend 
in all of the outcomes, but only CRP (P 0.01) and 
the a priori defined composed summary index of disease 
activity were significantly better (P < 0.05). There was 
less progression of joint damage on radiographs in the 



combined-treatment group, although this did not reach 
significance. The total withdrawal rate was high: 42%. 
The authors report that toxicity might be enhanced as 
18 patients in the combined-treatment group vs 10 in 
the control group were withdrawn for adverse effects. 

Faarvang et al. [13] compared the combination of 
sulphasalazine and hydroxychloroquine with each of 
these agents alone in 91 patients. Analysis of study 
completers after 6 months treatment showed no differ- 
ence between combined treatment and single sulpha- 
salazine treatment. However, combined treatment did 
show better outcomes in swollen joint count and 
patient's global assessment compared to hydroxychloro- 
quine alone {P < 0.05). In our view, this only confirms 
that sulphasalazine is a more effective drug than hydro- 
xychloroquine. Both groups showed similar progres- 
sion of joint damage on radiographs. Withdrawal, for 
adverse effects as well as other reasons, in this trial 
was frequent in all treatment groups (32%). 

Gibson et al. [14] compared the combination of D- 
penicillamine and chloroquine in comparison with each 
of these alone in 72 patients. After 12 months, the 
decreases in ESR in the combined-treatment group 
were significantly larger compared to chloroquine, but 
not compared to D-penicillamine. Improvements in 
morning stiffness, joint tenderness and swollen joint 
score and grip strength did not show significant con- 
trasts between treatment groups. There were signific- 
antly more adverse effects in the combined-treatment 
and the D-penicill amine groups compared with 
chloroquine. 

Haar et al. [15] compared the combination of 
hydroxychloroquine and dapsone with each of these 
drugs alone in 80 patients. After 6 months of treatment, 
the combination showed a positive trend with a signi- 
ficant difference only in one measure: ESR, but the 
baseline values for ESR were also better in this treat- 
ment group. Patients treated with combined dapsone 
and hydroxychloroquine showed less progression 
of joint damage, but this result was weakened by 
serious disbalance between groups in baseline values. 
Withdrawals for toxicity were more numerous in the 
combined-treatment group, but this difference was not 
significant (8 vs 3 and 4; P = 0.1 1). 

Tmavsky et al. [16] compared the combination of 
hydroxychloroquine and methotrexate with hydroxy- 
chloroquine and placebo in 40 patients. After 6 months, 
the combined treatment showed a positive trend with 
significantly better outcomes in two of five core 
set measures; patient's global assessment and ESR 
{P < 0.05). The combined-treatment group contained 
more patients without progression of joint damage, 
but the report allows no conclusion on whether this 
difference was significant. Withdrawal for adverse 
effects was rare (one case). 

Ferraz et al. [17] compared the combination of 
methotrexate and chloroquine to methotrexate alone 
in 82 patients. After 6 months, the combination was 
more effective in tender joint count {P = 0.04) and 
HAQ (P = 0.04). The authors state that combined 
treatment was slightly more toxic (and effective). 
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although only three patients were withdrawn due to 
adverse effects (two of whom had combined treat- 
ment). The percentage loss to follow-up (partially 
related to non-compliance) was quite high (9%) in 
this study. 

O'Del! et al. [18] compared the combination of 
methotrexate, sulphasalazine and hydroxychloroquine 
to the combination of sulphasalazine and hydroxy- 
chloroquine, and to methotrexate alone, in 102 
patients. The dose of sulphasalazine ( 1 g/day) was low. 
Every 3 months, dose adjustments of methotrexate 
were allowed, guided by assessments of the effect of 
therapy. The main assessment of efficacy was after 9 
months when no further opportunity was offered to 
adjust the methotrexate dose in case of insufficient 
therapy response (by definition <50% improvement 
in modified Paulus criteria). At this time, 27/31, 23/35 
and 28/36 patients were considered responders (x^ test: 
triple therapy sulphasalazine-hydroxychloroquine 
P = 0.04; vs methotrexate P = 0.32; overall P = 0.12). 
Based on survival analyses, the authors report signific- 
antly more patients with a response to triple therapy 
after 9 months and conclude that triple therapy results 
in enhanced efficacy with no increase in toxicity. Non- 
responders were considered therapy failures and fur- 
ther report on follow-up was restricted to responders. 
At 9 months of follow-up and according to the rules 
of this review, triple therapy only showed a positive 
trend: significantly better swollen and tender joint 
counts compared to methotrexate, and significantly 
better swollen joint count and ESR compared to 
hydroxychloroquine-sulphasalazine. At 2 yr follow-up 
(with 38% patients still in follow-up), the between- 
treatment group contrasts were larger (and highly 
significant), but this concerns only the patients who 
had a sufficient response according to the modified 
Paulus criteria at month 9. Withdrawal for toxicity 
was rare at year 2, but data on withdrawals due to 
adverse events at month 9 were not available; however, 
overall withdrawal at month 9 was about equal. 

Williams et al. [19] compared the combination of 
methotrexate and oral gold (n — 106) against treatment 
with each of these agents alone in 335 patients. After 
48 weeks, none of the five assessed core set measures 
showed more benefit in the combined-treatment group. 
Withdrawals for toxicity occurred somewhat more 
frequently in the combined-treatment group (21% vs 
15% and 14%; trend, not significant). Subsequently, 
Lopez-Mendez et al, [33] reported no differences 
between the groups in progression of radiographic 
scores at week 48. 

Willkens et al. [20] compared the combination of 
methotrexate and azathioprine with each of these drugs 
alone in 209 patients. Data on ESR and HAQ were 
subsequently added in a letter [35], and data on 48 
weeks of follow-up and radiological progression were 
published later [34]. The combination was not better 
in the between-group comparisons (withdrawals con- 
sidered as treatment failures), except for ESR when 
combined treatment was compared to single azathio- 
prine {P = 0.03). The authors also report a trend of 



less radiographic progression in the methotrexate 
group. Adverse effects occurred primarily in the com- 
bined-treatment and azathioprine group (trend). 
Numbers of withdrawn patients per treatment group 
due to toxicity are not available, but therapeutic inter- 
ventions related to adverse events were reported more 
often in the combined treatment group (48% vs 25% 
and 21%). 

Haagsma et al; [21] compared the combination of 
methotrexate and sulphasalazine with each of these 
drugs alone in 105 patients. After 52 weeks, the com- 
bination was not more effective in any of the four core 
set or other measures. Response to treatment was 
exceptionally good in all groups: 74% met the prelimin- 
ary ACR criteria for improvement [36]. Fewer patients 
were withdrawn for toxicity reasons in the single 
methotrexate treatment group compared to the com- 
bined-treatment group (P = 0.025). In contrast with 
most other trials, the patients included in this study 
had early disease. These results agree with those of a 
trial only published in abstract form [37], but contrast 
with the results of an open trial (not included in this 
review) in which patients with insufificient reaction to 
sulphasalazine first stopped this drug and afterwards 
were randomized to combined methotrexate-sulpha- 
salazine, or methotrexate alone. Here, the combined- 
treatment group showed significantly better outcomes 
[38]. 

Studies with step-down strategy 

Boers et al. [22] compared the combination of 
sulphasalazine (2 g/day), methotrexate (7.5 mg/week) 
and prednisolone (initially 60 mg/day, tapered in 6 
weekly steps to 7.5 mg/day) with sulphasalazine alone 
in 155 patients. The last assessment of therapy effect 
of combined treatment was at week 28 of follow-up as 
prednisolone and methotrexate were tapered and 
stopped after 28 and 40 weeks, respectively. At week 
28, significantly better outcomes in the combined- 
treatment group were seen in all composite measures 
and all but one of the core set measures {P < 0.002). 
In these measures, the improvement in the combined- 
treatment group was 2-fold or almost 2-fold that of 
the single sulphasalazine group. Seventy-two per cent 
of the patients in the combined-treatment group vs 
49% in the sulphasalazine group had improved accord- 
ing to the ACR criteria (P = 0.006). The clinical 
difference between the groups decreased and was no 
longer significant after prednisolone was stopped, and 
there were no further changes after methotrexate was 
stopped. Withdrawal for toxicity during the first 28 
weeks was significantly less in the combined-treatment 
group (1 vs 7; P = 0.04). The frequency of adverse 
events not resulting in withdrawal was similar in both 
groups. In addition to the clinical results, progression 
of joint damage in the combined-treatment group was 
one-third that in the sulphasalazine group. This effect 
persisted until week 80, i.e. 1 yr after the withdrawal 
of prednisolone which started at week 28 of follow-up. 

Van Gestel et al. [23] compared the combination of 
i.m. gold (50 mg/week) and prednisone (initially 
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lOmg/day for 12 weeks, then tapered to zero in 
2-weekIy steps) with i.m. gold alone in 40 patients. 
The main assessment was at week 12, just before 
prednisone was gradually withdrawn. At this time, all 
five assessed core set measures showed significantly 
greater improvement in the combined-treatment group; 
the magnitude of this improvement is not reported. 
The improvement in a composite index, the disease 
activity score (DAS) [39], in the combined-treatment 
group was more than 2-fold that with single gold 
treatment. Progression of joint damage was similar in 
both groups. Withdrawal due to toxicity was the same 
in both groups after 20 weeks (four patients in each 
group). The authors report troublesome rebound 
effects in the combined-treatment group after with- 
drawal of prednisone. This appears to be based on a 
single significant between-group comparison in an 
array of 13: in week 20 of follow-up, the DAS in the 
combined-treatment group was worse than in the con- " 
tro! group. However, at this moment (and up to week 
44), patients in both groups were still better than at 
baseline. After 44 weeks (32 weeks after the beginning 
of tapering prednisone), no between-group difference 
remained. 

Corkill et al. [24] compared the addition of three 
pulses of 120 mg i.m. methylprednisone (at week 0, 4 
and 8) to i.m. gold in 59 patients. After 12 weeks, the 
combined treatment was significantly better in three of 
four core set measures: improvement in pain and 
physical function was more than twice as high, and 
joint count almost twice as high. After 24 weeks, the 
between-group difference had almost disappeared. 
Progression of joint damage was similar in both groups. 
Withdrawal due to toxicity during 24 weeks was more 
frequent in the combined-treatment group, but not 
significantly so. 

Finally, Ciconelli et al. [25] compared the addition 
of three low-dose i.v. methylprednisone pulses 
(5 mjg/kg), at baseline, month 1 and 2, with sulphasala- 
zine alone in 38 patients. Eighty per cent of the patients 
in both groups had a prescription of oral cortico- 
steroids. In the 6 month study period, no differences 
between treatment groups in efficacy or toxicity were 
found. The relatively low dose of methylprednisone in 
a population already treated with corticosteroids may 
have decreased the possible contrast. This important 
co-intervention with oral corticosteroids was the reason 
to rate the strength of evidence from this trial as 
moderate. 

Figure 1 summarizes the heterogeneity of the find- 
ings of this systematic review graphically. Except for 
corticosteroids, there appears to be no trend for an 
overall beneficial effect of a particular drug in a com- 
bination. The figure also shows the lack of data: low 
sample size in most trials, and many untested 
combinations. 

DISCUSSION 
In its second update since 1991, this review highlights 
exciting new developments in the combined drug treat- 
ment of RA. In early disease, step-down bridge therapy 




Fig. 1. — TTiree-dimensional summary of the efficacy of combination 
therapy. From the perspective of the five most frequently used drugs, 
the matrix describes the combinations of all single drugs reviewed, 
and one two-drug combination. Each bar describes a specific com- 
bination trial; its length reflects the sample size of the combined - 
treatment group, its shade reflects the evidence that combined 
treatment is better than the single drug(s). Dark grey, strong evidence 
that the combination is better or much better; light grey, moderate 
evidence that the combination is belter (any evidence or trend); 
white, no evidence that the combination is better. Because the five 
primary drugs are repeated on the long axis, a dark area in the 
matrix indicates overlap. 

with corticosteroids appears safe and, in the right dose 
and duration, truly disease modifying; however, the 
effect on disease activity (not damage) appears to be 
dependent on continuation of low-dose corticosteroids. 
This strengthens Kirwan et a/.'s [30] finding of the 
damage control resulting from corticosteroid adjuvant 
therapy, a study not included in this review because 
anti-rheumatic therapy was not uniformly applied in 
the control group. In late disease, patients with a 
suboptimal response to methotrexate improve clinically 
with cyclosporin, and some patients on triple therapy 
with methotrexate, sulphasalazine and hydroxychloro- 
quine appear clinically better off than patients on a 
two-drug combination or methotrexate alone. This lifts 
the gloom from the other studies compiled so far, 
where negative interaction (i.e. results of the combina- 
tion are the same or only slightly better than the single 
drugs) prevails, often at the cost of somewhat increased 
toxicity. Interestingly enough, rheumatologists have 
not waited for these first positive results or heeded the 
many negative trials; according to two recent surveys 
published in abstract [40, 41], they almost universally 
embrace combination therapy. 

Felson et al. [42] recently published a meta-analysis 
on combination therapy in which he pooled the avail- 
able data. He found a negative answer to the question: 
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*Does combination therapy on average make a differ- 
ence compared to average single therapy?* In our view, 
the heterogeneity in combinations, strategies and 
patient material makes this a less interesting research 
question. As shown in Fig. 1 , each combination needs 
careful study of its potential in several trials, which 
can subsequently be pooled. 

Despite the results of Tugwell et al.'s study, we feel 
a step-down or parallel strategy in general shows more 
potential than a step-up strategy. The reason is that 
step-up trials select patients who have demonstrated 
less responsiveness to therapy, thus a priori decreasing 
the chance of future response. Also, if non-compliance 
is the basis for lack of efficacy, non-compliant patients 
are more prone to being selected in a trial with non- 
responders, and the subsequent therapy will again be 
more prone to fail. 

Although methodology has improved significantly 
in recent years, we still found a number of problems. 
Most selected studies had small patient numbers, and 
notably in the studies with negative results, post hoc 
sample size calculations were often lacking. In theory, 
type II errors can be minimized by sufficiently large 
sample sizes. In practice, it is often hard to find eligible 
patients. Reliable and responsive measurements can 
also help to record an actual contrast between groups. 
For example, with joint score assessments, reliability 
can be improved by frequent training of the assessors. 

Co-intervention and contamination are important 
issues in clinical trials and, obviously, any type of 
co-intervention should be reported in a transparent 
way. Co-intervention with low-dose corticosteroids was 
very common in many of the trials selected for this 
review. Steroids quickly reduce disease activity. With 
less room for improvement induced by the investigated 
treatment, demonstration of contrast between treat- 
ment groups becomes harder. Corticosteroids are gen- 
erally known as symptom-relieving drugs. The data 
summarized here make it clear that systemic corticos- 
teroids should be considered as disease-controlling 
anti-rheumatic therapy (DCART) [43]. Accordingly, 
uncontrolled co-intervention with corticosteroids in 
RA clinical trials needs reconsideration. 

In conclusion, in early RA patients, step-down 
bridge therapy that includes corticosteroids leads to 
much enhanced efficacy at acceptable or low toxicity. 
The effects on joint damage may be persistent, but the 
symptomatic effects are probably dependent on con- 
tinued corticosteroid dosing. In late patients, cyclo- 
sporin improves a suboptimal clinical response to 
methotrexate, and the triple combination of methotrex- 
ate, sulphasalazine, and hydroxychloroquine appears 
clinically better than the components. Other combina- 
tions are either untested, tested at low sample size, or 
show negative interaction. In view of the low volume 
of evidence, most studies need confirmation by 
replication. 
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Combination Therapy With Etanercept and Anakinra 
in the Treatment of Patients With Rheumatoid Arthritis 
Who Have Been Treated Unsuccessfully With Methotrexate 
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Objective, To determine the potential for additive 
or synergistic effects of combination therapy with the 
selective anti-tumor necrosis factor a agent etanercept 
and the anti-interleukin-1 agent anakinra. 

Methods, Two hundred forty-four patients in 
whom rheumatoid arthritis (RA) was active despite 
methotrexate therapy were treated with subcutaneous 
etanercept only (25 mg twice weekly), full-dosage etan- 
ercept (25 mg twice weekly) plus anakinra (100 mg/day), 
or half-dosage etanercept (25 mg once weekly) plus 
anakinra (100 mg/day) for 6 months in a double-blind 
study at 41 centers in the US. Patients had never 
previously received anticytokine therapy. Patient re- 
sponse was measured with the American College of 
Rheumatology (ACR) core set criteria, a health-related 
quality-of-life questionnaire, and the Disease Activity 
Score. Safety was assessed by the number of adverse 
events and clinical laboratory values. Plasma concen- 
trations of both agents and antibody formation against 
both agents were also assessed. 

Results, Combination therapy with etanercept 
plus anakinra provided no treatment benefit over etan- 
ercept alone, regardless of the regimen, but was associ- 
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ated with an increased safety risk. Thirty*one percent of 
the patients treated with full-dosage etanercept plus 
anakinra achieved an ACR 50% response, compared 
with 41% of the patients treated with etanercept only. 
This result was not statistically significant (P = 0.914). 
The incidence of serious infections (0% for etanercept 
alone, 3.7-7.4% for combination therapy), injection-site 
reactions, and neutropenia was increased with combi- 
nation therapy. Combination therapy had no effect on 
the pharmacokinetics or imihunogenicity of either 
agent. 

Conclusion, Combination therapy with etanercept 
and anakinra provides no added benefit and an in- 
creased risk compared v*ith etanercept alone and is not 
recommended for the treatment of patients with RA. 

Rheumatoid arthritis (RA) is a chronic auto- 
immune inflammatory disease characterized by inflam- 
mation that often leads to the progressive destruction of 
articular structures and significant disability. The etiol- 
ogy of RA remains unclear, but it is thought to be 
mediated in part by antigen-driven T cells and macro- 
phages that produce interleukin-1 (IL-1) and tumor 
necrosis factor a (TNFa), 2 cytokines involved in the 
inflammatory cascade (1-3). Specific blockade of these 
individual cytokines has recently been shov^rn in large, 
place-controlled trials to be safe and effective in the 
treatment of RA (4-9). 

Although selective anticytokine therapy has im- 
proved patient outcomes, it does not necessarily produce 
disease remission. Thus, the more aggressive treatment 
option of combining anticytokine agents has been ex- 
plored in animal studies. Combination treatment with 
anakinra, a recombinant IL-1 receptor antagonist (IL- 
IRa) (Kineret; Amgen, Thousand Oaks, CA), and poly- 
ethylene glycol-conjugated soluble TNF receptor type I 
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suited in synergistic improvement in the symptoms of 
ljuvant-induced and collagen-induced arthritis in rats 
:lative to the improvement observed with either agent 
one (10,11). Additive or synergistic improvement was 
;en with a variety of dose combinations of each agent, 
jt synergistic improvement was particularly evident 
hen suboptimal doses of each agent were given m 
Dmbination. 

The present study was designed to test the hypothe- 
s that combination therapy with the anti-TNF agent 
tanercept, a soluble TNFa receptor (Enbrel; Amgen) 
nd the anti-IL-1 agent anakinra at their approved 
osages would safely provide superior efficacy relative to 
tanercept alone in patients with RA. Secondarily, the 
tudy examined the possibility that anakinra given with 
tanercept at a dosage of 25 mg once weekly (half the 
pproved weekly dose) would still provide superior 
fficacy compared with full-dosage etanercept alone. 

PATIENTS AND METHODS 

Patients. This study enrolled patients who were at least 
8 years old and had a >6-month history of ^A^s ^iiagnosed 
,y {he American College of Rheumatology (ACR) classifica^ 
ion criteria (12). Patients had at least 6 swollen jomts and 9 
ender/painful joints and at least 2 of the following: morning 
itiffness lasting at least 45 minutes, a serum C-reactive protem 
CRP) level of at least 1.5 mg/dl, or an erythrocyte sedimen- 
ation rate (ESR) of at least 28 mm/hour. Patients had received 
methotrexate (MTX) for at least 16 weeks, with the dosage 
stable at 10-25 mg/week for at least 8 weeks. All patients gave 
informed consent, and the study protocol was approved by the 
institutional review boards for each study site. 

Patients were not eligible to enroll in the study it they 
had received any disease-modifying antirheumatic drug other 
than MTX within the past 4 weeks, had ever been treated with 
anakinra or any protein-based TNFa inhibitor (e.g., etaner- 
cept, infliximab), had received any intraarticular or systemic 
corticosteroid injections within the past 4 weeks, or had a 
recent history of significant infection or other important 

concurrent illness. , , 

Study design and treatment. Patients were randomly 
assigned in a 1:1:1 ratio to receive 25 mg of etanercept twice 
weekly plus anakinra placebo once daily, 25 mg of etanercept 
once weekly plus 100 mg of anakinra daily, or 25 mg ot 
etanercept twice weekly plus 100 mg of anakinra once daily 
(hereafter referred to a etanercept only, half-dosage etaner- 
cept plus anakinra, and full-dosage etanercept plus anakinra 
respectively). Both etanercept and anakinra were administered 
subcutancously for 24 weeks. In order to blind patients to the 
treatment assignment, additional sham injections of etanercept 
were administered as necessary, so that all patients received 
twice weekly injections of etanercept/sham and once daily 
injections of anakinra or matched placebo. Patients continued 
to receive stable doses of MTX and other medications (e.g., 
corticosteroids) throughout the study. After screening, patients 
were evaluated at baseline (day 1) and at weeks 2, 4, 8, 12, lb. 



20, and 24, with followup evaluation 4 weeks after completion 
or'at the time of early discontinuation. ^ . 

Endogenous human IL-lRa was isolated, purified, and 
produced by recombinant DNA technology using Escherichia 
coli fermentation. The resulting product, anakinra, is identical 
to the naturally occurring nonglycosylated form of human 
IL-lRa except for the addition of an N-terminal methionine 
residue. Anakinra was provided by Amgen in single-use vials as 
a liquid containing 1 ml of 100 mg/ml anakinra. The formula- 
tion consisted of sodium citrate, sodium chloride, disodium 
EDTA and polysorbate 80. The placebo formulation was the 
same, but without anakinra. Both solutions were pH 6.5. 

Etanercept is a soluble TNF receptor fusion protein 
produced by recombinant DNA technology in a Chinese 
hamster ovary mammalian cell expression system. Etanercept 
was supplied by Amgen in 25-mg single-use vials containing 
etanercept lyophilized powder, mannitol, sucrose, and 
tromethamine. After reconstitution with bacteriostatic water, 
the solution had a mean (±SD) pH of 7.4 ± 0.3. 

Efficacy assessment. At every study visit, patients were 
assessed for the components of the ACR core set of disease 
activity measures (13), the modified Disease y\ctivity Score 
(DAS) (14) the European League Against Rheumatism (t-U- 
LAR) response (14), and the duration of morning stiffness. A 
health-related quality-of-life evaluation with the Short Form 
36 (SF-36) healthy survey (15) was performed at baseline and 
at weeks 4, 12, and 24 (or at the time of early termination). 

The primary end point was the proportion of patients 
achieving an ACR 50% (ACR50) ^'^^^^ 
Secondary efficacy end points included the ACR20 and 
ACR70 response rates at week 24, the ACR response at week 
12 the sustained ACR20 response (response for at least 4 
monthly measurements, not necessarily consecutive, with 1 
occurring at month 6), a good or moderate EULAR response 
at week 24, improvement in the ACR core criteria compo- 
nents, duration of morning stiffness, the DAS, and the SF-36 
score 

Patients were considered ACR50 responders if they 
had at least a 50% reduction in the number of tender and 
swollen joints and in 3 of the following 5 measures: patient s 
assessment of disease activity by visual analog scale (VAS), 
physician s assessment of disease activity by VAS, patient s 
assessment of pain by VAS, the disability score as measured by 
the Health Assessment Questionnaire (17), and acute-phase 
reactants (CRP or ESR). The joint counts (66 joints evaluated 
for swelling, and 68 joints evaluated for tendeniess/pain) were 
assessed by the same qualified independent assessors at each 
study center throughout the study. To preserve blinding of the 
study, injection sites were covered with clothing during the 
joint counts to insure that the assessors would not be influ- 
enced by injection-site reactions. 

Safely and pharmacokinetic assessment. Safety assess- 
ment data that were collected at every study visit were the 
number of adverse events/infectious events and the clinical 
laboratory values. An adverse event was defined as follows: 
"Any untoward medical occurrence in a patient or clinical 
investigation subject administered a pharmaceutical product 
and which does not necessarily have to have a causal relation- 
ship with this treatment" (18). A serious adverse event was 
defined as follows: "Any untoward medical occurrence that at 
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Table 1. Baseline characteristics of study patients* 



Characteristic 



% female 

% white race 

Age, years 

% age s 65 years 

Weight, kg 

Duration of RA, years 

% rheumatoid factor positive 

% receiving corticosteroids 

NSAID use, % 

MTX dosage, mg/week 

No. of tender/painful joints 

No. of swollen joints 

HAQ score 

Serum CRP, mg/dl 

ESR, mm/hour 

Duration of morning stiffness, minutes 
SF-36 score 

Physical component 
Mental component 



Eianercept only 
(n = 80) 



82.5 
863 
54.4 ± 13.6 
25.0 
75 i 18 
9.7 ± 9.4 
65.0 
48.8 
96.3 
16.1 ± 4.5 
31.0 ± 14.2 
21.4 ± 9.4 
1.5 ± 0.6 
2.0 ± 2,2 

44.6 ± 21.51 
145.3 ± 102.3 

28.7 rt 9.7 
46.9 ± 12.3 



Half-dosage 
eianercept + anakinra 
(n = 81) 



Full-dosage 
eianercept + anakinra 
(n = 81) 



71 

77 
53-8 ± 
18 
82 ± 
9.5 ± 
75 
54 
95 
16.2 
31.0 
19.8 
1.5 
2.4 
49.2 
154.4 



6 
,8 

11.8 
.5 
21 
10.3 
.3 
.3 
-1 
4.2 
15.4 
9.6 
0.6 
3.5 
22.81 
162.1 



28-8 ±7:9 
47.9 ± 10.9 



77. 
75 
55.7 ± 
29 
80 ± 
10.6 ± 
71 
44 
96 
15.7 
35.9 
23.4 
1.6 
2.0 
49.9 
159.5 



8 
3 

13.0 
6 
23 
9.8 
.6 
.4 
.3 
5.0 
14.9 
12.0 
0.6 
2.5 - 
23.94 
134.0 



29.1 ± 7.9 
44.5 ± 11.9 



* Except where indicated otherwise, values are the mean ± SD. Eianercept on\y = etanercept 25 mg ^^'''^^^.^"^ly; 
hMf dosage etaner^^^^^ + anakinr^ = etanercept 25 mg once weekly plus anakmra 100 mg daily; full-dosage 
half-dosage eianercept + ^"^^ weekly plus anakinra 100 mg daily; RA = rheumatoid arthritis; 

Sd ^= n'onTt^S^ntS^^ ^^^^^^'-^^^^^^ Questionnaire; 

CRP = C-reactive protein; ESR = erythrocyte sedimentation rate; SF-36 = Short Form Jf). 



any dose results in death, is life threatening, requires inpatient 
hospitalization or prolongation of existing hospitalization, re- 
sults in persistent or significant disability/incapacity, or is a 
congenital anomaly/birth defect" (18). 

Blood samples were collected for measurement ot 
plasma anakinra and etanercept concentrations (at baseline 
and weeks 4, 12, and 24 [or at the time of early termination]) 
and anti-anakinra and anti-etanercept antibodies (at baseline 
and weeks 12 and 24 [or at the time of early termination]). 
Plasma anakinra concentrations were assessed by antibody- 
capture enzyme-linked immunoassay (ELISA), and plasma 
etanercept concentrations were assessed by a solid-phase sand- 
wich ELISA kit. Antibody samples testing positive in a screen- 
ing biosensor immunoassay (Biacore, Uppsala, Sweden) were 
retested for neutralizing antibodies, using a bioassay. 

Statistical analysis. Results were analyzed using a 
modified intent-to-treat method that included all randomized 
patients who received at least 1 dose each of anakinra/placebo 
and etanercept/sham. Patients with missing ACR scores at a 
particular visit were considered nonresponders at that visit. 

The primary comparison was the full-dosage etaner- 
cept plus anakinra group against the etanercept-only group. 
The analysis was 1-tailed for the primary comparison and 
2-tailed for the secondary comparisons. Odds ratios (ORs) and 
their confidence intervals (CIs) were calculated for compari- 
sons between groups. Binary efficacy end points were analyzed 
using a logistic regression model. Continuous end points were 
analyzed over time using a repeated-measures mixed model. 

Adverse events were tabulated for comparison across 
treatment groups, and summary statistics were calculated for 
laboratory values. 



RESULTS 

Characteristics of the study patients. The base- 
line demographics and disease characteristics of the 
patients are shown in Table 1. Most of the patients were 
women with long-standing and very active disease. Char- 
acteristics were balanced across treatment groups. Com- 



244 patients assigned to 
treatment 



242 patients received 
study medication 



BO assigned to 
etanercept 25 mg BIW 



61 assigned to 
etanercept 25 mg QW + 
anakinra 100 mg QO 



8 1 assigned to 
etanercept 25 mg BIW ^ 
analcinra lOOmgQD 



5 discontinued treatment 
Consent wittidrawn (4) 
Other reasons (1) 



16 discontinued treatment 
Consent w{th(*^wn (7) 
Adverse events (7) 
Other reasons (4) 



75 (93%) conipleted 
24 wk 



15 discontinued treatment 
Consent withdrawn (7) 
Adverse events (6) 
Other reasons (2) 



63 (78%) compteted 
24 wk 



66 (80%) completed 
24 wk 



Figure 1. Disposition of patients. Other reasons for premature with- 
drawal included protocol violations and patients being lost to foilowup. 
BIW = twice weekly; QW = once weekly; QD = once daily. 
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igure 2. Percent of patients achieving an American College of 
Lheumatology 20% (ACR20), ACR50, or ACR70 response at week 
4. BIW = twice weekly; QW = once weekly. 



►letion rates ranged from 78% to 93%, with the highest 
ate in the etanercept-only group (Figure 1). Signifi- 
antly fewer patients in this group withdrew as a resuh of 
dverse events compared with the combination-therapy 
roups. 

Efficacy results. Patients in all treatment groups 
howed improvement from baseline at week 24 (Figure 
:). Therapy in the etanercept-only group resulted in an 
>iCR50 of 41%, compared with 31% in the full-dosage 
tanercept plus anakinra group (F = 0.914, by 1-tailed 
•test). The OR for achieving an ACR50 response in the 
ull-dosage etanercept plus anakinra group relative to 
hat in the etanercept-only group was 0.64 (90% CI 
L37-1.09). The OR for achieving an ACR50 response in 
he etanercept-only group relative to that in the half- 



dosage etanercept plus anakinra group was 1.11 (95% CI 
0.59-2.09). For the comparison of patients in the full- 
dosage (twice weekly) combination-therapy group rela- 
tive to those in the low-dosage (once weekly) combina- 
tion therapy group, the OR was 0.71 (95% CI 0.37-1 .35). 

Because the dropout rate was higher in the 
groups receiving combination therapy, it was important 
to determine whether this influenced the efficacy results. 
Sensitivity analyses, including a completers analysis (all 
patients who completed the study) and a last observation 
carried forward analysis, yielded results similar to those 
observed in the modified intent-to-treat analysis (data 
not shown), indicating that differential dropout rates did 
not influence the outcome. In addition, results were 
unaffected when they were adjusted for baseline covari- 
ates (data not shown). 

Evaluation of the ACR20 and ACR70 response 
rates confirmed that combination therapy was not supe- 
rior to etanercept alone. The only comparison yielding a 
statistically significant difference between treatments 
indicated that at week 24, the ACR20 response of 
patients treated with etanercept alone was superior to 
that of patients treated with etanercept once weekly plus 
anakinra (OR 1.98, 95% CI 1.05-3.78; P = 0.037). 

Between 43% and 54% of patients in each treat- 
ment group achieved a sustained ACR20 response dur- 
ing the study, and most patients achieved a EULAR 
response at week 24 (79% of patients in etanercept-only 
group, 73% of those in the full-dosage etanercept plus 
anakinra group, and 66% of patients in the half-dosage 
etanercept plus anakinra group received a good or 
moderate rating). At week 24, the mean percent reduc- 
tion from baseline in the DAS was 39% in the 



25 mg Etanercept BIW + 25 mg Etanercept BIW + 25 mg Etanercept QW + 

100 mg Anakinra QD Anakinra Placebo 100 mg Anakinra QD 

(n = 79) (n = 80) (n - 79) 




0 48 96 144 192 240 288 336 0 48 06 144 192 240 288 336 0 48 96 144 192 240 288 336 

Time Postdose (h) Time Postdose (h) Tone Postdose (h) 

Figure 3. Individual plasma etanercept concentrations (Cone). Because the results at each week indicated that 
the pharmacokinetic steady state of etanercept was reached by week 4, the data for all visits (weeks 4. 12. and 24) 
were pooled for analysis. BIW = twice weekly; QW = once weekly; QD = once daily; h = hours. 
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etanercept-only group, 40% in the half-dosage etaner- 
cept plus anakinra group, and 41% in the full-dosage 
etanercept plus anakinra group. Radiographs were not 

obtained in this study. 

Pharmacokinetics. Plasma concentrations tor 
weeks 4 12, and 24 indicated that the pharmacokinetic 
steady slate was reached by week 4 for both etanercept 
and anakinra, and thus the data for all visits were pooled 
for analysis. The pharmacokinetics of each agent ap- 
peared unaffected by the concomitant admmistration of 
the other (Figures 3 and 4). Plasma concentrations of 
anakinra and etanercept were similar to those observed 



in previous studies of anakinra or etanercept alone 
(Genovese MC, et al: unpublished observations). 

Safety. The proportion of patients reporting ad- 
verse events was similar for each treatment group (90- 
95%) (Table 2). However, combination therapy with 
anakinra and etanercept was associated with a higher 
overall incidence of serious adverse events, events caus- 
ing patient withdrawal from study, and injection-site 

reactions. . . , ^, 

Serious adverse events were generally mdividual 
occurrences, with no single category of event accountmg 
for the increase observed with combination therapy 



Table 2. incidence of adverse events during treatment^ 



Event 



Any adverse event 
Most common adverse events 
Injection-site reaction 
Upper respiratory infection 
Any adverse event causing withdrawal 
Any serious adverse event 
Any infection 

Infection resulting in antibiotic 

administration or hdspitalization 
Infection leading to withdrawal 
Serious infection 
Serious pneumonia 
Serious cellulitis 



Etanercept only 
(n = 80) 



72 (90.0) 

32 (40.0) 
16 (20.0) 
0(0) 
2(2.5) 
32 (40.0) 
0 (0.0) 

0 (0.0) 
0(0) 
0(0) 
0(0) 



Half-dosage 
etanercept + anakinra 
(n - 81) 



Full-dosage 
etanercept + anakinra 
(n = 81) 



77 (95.1) 

55 (67.9) 
9(11.1). 
7 (8.6) 
4 (4.9) 

30 (37.0) 
3 (3.7) 

2(2.5) 
3 (3.7) 
1 (1.2) 
1 (1-2) 



: Values are the number (%) of patients. See Table 1 for definitions. 



76 (93.8) 

57 (70.4) 

11 (13.6) 
6(7.4) 

12 (14.8) 
38 (46.9) 

6(7.4) 

2 (2.5) 
6(7.4) 
2(2.5) 
2 (2.5) 
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Table 3. Serious adverse events that occurred during the study* 



Event 


Etanercept only 
(n = 80) 


Half-dpsage 
etanercept + anakinra 
(n = 81) 


Full-dosage 
etanercept + anakinra 
(n = 81) 


Cellulitis 
Pneumonia 

Pneumonia and pulmonary fibrosis 

leading to respiratory insufficiency 
Gastroenteritis 
Herpes zoster 
I vmohoma, malignant 
Neuralgia 
Back pain 
Chest pain, cardiac 
Chest pain, noncardiac 
E'yelonephritis 
Transient ischemic attack 
Arrhythmia, atrial 
Dyspnea 

Gastric ulcer, hemorrhage 
Personality disorder 
Pneumonitis 


0(0) 
0(0) 
0(0) 

0(0) 

0(0) 

0(0) 

0(0) 

0(0) 

0(0) 

0(0) 

0(0) 

0(0) 

1 (1.3) 

0(0) 

0(0) 

1 (1-3) 

0(0) 


1 (1.2) 
1(1-2) 
0(0) 

0(0) 
0(0) 

0 (0) 
0(0) 
0(0) 
0(0) 
0(0) 
0(0) 
0(0) 
0(0) 

1 (1-2) 
1 (1-2) 
0(0) 

1 (1-2) 


2(2.5) 
1(1.2) 
1 (1-2) 

1 (1-2) 
1 (1.2) 
1(1.2) 
1 (1-2) 
1 (1-2) 
1(1.2) 
1 (1.2) 
1 (1-2) 
1 (1.2) 
0(0) 
0(0) 
0(0) 
0(0) 
0(0) 


* Values are the number (%) of patients. 


See. Table 1 for definitions 





(Table 3). However, infections accounted for serious 
events in 9 of 16 patients receiving combination therapy. 
The reported serious infections were as follows: pneu- 
monia and cellulitis (3 patients each), herpes zoster (1 
patient), pneumonitis (1 patient), and pyelonephritis (1 
patient). One 70-year-old patient with pulmonary fibro- 
sis was diagnosed as having pneumonia and died of 
pulmonary insufficiency. Serious infections occurred an 
average of 2 months after exposure to combination 
treatment (range 1 week to 5 months) in patients whose 
mean age was 60 years (range 42-77 years). No cases of 
tuberculosis or opportunistic infections were reported. 

The incidence of injection-site reactions was 
more than 50% higher with combination therapy than 
with etanercept alone. These reactions were transient, 
rarely severe (a combined incidence of 2% in the 
combination-therapy groups), and typically involved no 
clinical sequelae. However, they were the most common 
cause of adverse event-related withdrawal during the 
study for patients receiving combination therapy, ac- 
counting for 5 of 13 adverse event-related withdrawals. 
Injection-site reactions were less likely to occur after the 
first month of therapy. 

The mean neutrophil counts decreased to a sim- 
ilar extent in all 3 groups within the first 2 weeks of 
initiating treatment but remained stable thereafter. Two 
patients in the full-dosage etanercept plus anakinra 
group experienced neutropenia (neutrophil count 
<1.0 X 10*Vliter) during the study. Both patients com- 
pleted the study, and no clinical events were associated 



with the neutropenia. No subjects had changes in the 
neutrophil count that appeared to be associated with 
their serious infectious episodes. None of the subjects 
who experienced serious infectious episodes experi- 
enced neutropenia. No other clinically significant trends 
in the laboratory results were apparent. Three patients 
receiving anakinra and no patients receiving etanercept 
had evidence of potentially neutralizing anti-anakinra 
and anti-etanercept antibodies, respectively. The pres- 
ence of antibodies had no apparent effect on efficacy or 
safety. 

DISCUSSION 

The clinical hypothesis for this study, that com- 
bination treatment with selective anticytokine therapies 
(etanercept and anakinra) would safely provide superior 
improvement in the signs and symptoms of RA com- 
pared with etanercept alone, proved false. Analyses of 
the primary efficacy end point, the ACR50 response at 
week 24, showed no significant differences between 
groups regardless of the combination regimen used 
(etanercept twice weekly or once weekly). In fact, pa- 
tients who received etanercept only in this study had the 
highest ACR responses, similar to those seen in previous 
studies of etanercept (4,8), and encountered the fewest 
safety problems. 

Results of preclinical experiments suggested that 
simultaneous blockade of IL-1 and TNFa would be 
more effective than either approach alone in inhibiting 
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progression of RA, with a combination of suboptimal 
doses of each anticytokine agent providing a synergistic 
effect The reasons for the discrepancy between the 
nrechnical and clinical results are unclear, but several 
theories present themselves. First, there may have been 
a negative interaction between the compounds. This 
theory seems unlikely, because the pharmacokinetic 
results show that plasma concentrations for both agents 
remained unchanged relative to observations for each 
agent independently. Also, anakinra is eliminated re- 
nally (19-21), while etanercept is eliminated by the 
Kupffer cells of the liver (Genovese MC, et al: unpub- 
lished observations). It is also unlikely that anakinra and 
etanercept would bind and block the effect of each 

other. ,j u 

Second, anti-anakinra antibodies could be re- 
sponsible for the lack of benefit of combination therapy. 
This too is unlikely, because a low percentage of patients 
had potentially neutralizing anti-anakinra antibodies, 
and the antibody results from this study were consistent 
with the antibody data from other anakinra studies m 
which efficacy was demonstrated. Third, anti-TNF ther- 
apy could have down-regulated IL-1 expression, render- 
ing any impact of anti-lL-1 therapy negligible. This 
remains a possibility, although it would not explain the 
inconsistency between the clinical and preclinical results. 
Fourth, the degree of overlap and interplay between 
IL-1 and TNF may leave little room for improvement 
beyond the efficacy attainable with an effective TNF 
inhibitor. This is an intriguing possibility that requires 

further study. ^ u ^ .i,.. 

The safety results for this study showed that 
combination anticytokine therapy was associated with a 
higher incidence of serious infections than was observed 
with the use of etanercept alone. These results are 
comparable with what was previously reported m a small 
open-label study of the combination of etanercept and 
anakinra (22). Many patients in this study were receivmg 
a combination of 4 potentially immunosuppressive 
agents, including corticosteroids, MTX, anakinra, and 
etanercept, all of which could have contributed to this 
finding. Combination therapy was also more commonly 
associated with neutropenia, which is probably not sur- 
prising because decreases in the neutrophil count have 
been associated with both etanercept and anakinra 
(Genovese MC, et al: unpublished observations). It is 
notable, however, that in this study neutropenia was not 
associated with the risk of serious infection. 

These results suggest that use of combination 
treatment with anakinra and etanercept is not justified 
in patients with RA who are naive to biologic therapy. 



However, the possibility that combination anticytokine 
treatment could benefit certain patients cannot be ex- 
cluded based on this relatively small study. The response 
to combination therapy might be different in patients 
with partial or inadequate responses to prior anticyto- 
kine treatment, for example, although the safety con- 
cerns raised by this study would remain. Furthermore, 
these results do not preclude the possibility of successful 
combination therapy with future agents selectively 
blocking other pathways. 

Overall, the results from this study provide no 
evidence of an additional treatment benefit of combina- 
tion therapy with etanercept plus anakinra in patients 
with active RA despite the use of MTX. In fact, the 
combination posed an increased risk of serious infection 
and neutropenia- Treatment with etanercept or anakinra 
alone, or either agent in combination with MTX, has 
been demonstrated to be effective and safe in previous 
studies, and the findings from this study do not affect the 
profiles of the individual compounds. The findings do 
raise important questions about the role of each of these 
cytokines in the pathophysiology of RA and other 
inflammatory diseases. The development of anticytokine 
therapies has epitomized the translation of research 
from bench to bedside, and the results of this study 
highlight the need to translate these results back to the 
bench to better understand the interrelationship of these 
cytokines in human disease and to explain the incongru- 
ity of the preclinical and clinical findings. 
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